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markers and the rigid registration with markers, we assessed the 
registration performance. Using the registration, we created a time 
averaged MidP CT scan from the 4D scan, to function as a planning CT. 
To assess the difference in noise level in the 4D CT and MidP CT scan, 
we calculated the standard deviation in a region away from tumours 
and major vessels in both scans. The MidP CT scan was registered to 
the BH contrast scan, in which the contrast was digitally removed, 
using a threshold method. 
Results: The results of the marker masking were realistic, as visually 
assessed by a radiation oncologist. The peak-to-peak amplitude of the 
markers in the 4D scan was on average 1.7cm (σ = 0.7cm). We found 
an average marker mis- registration of 1.8mm (σ = 0.6mm) for the 4D 
CT scan. The average marker registration error between the 4D scan 
and the BH scan was 3.0mm (σ = 0.9mm). 
In comparison to the original 4D CT data, the MidP CT scans contained 
2.8 (σ = 0.2mm) times less noise, resulting in an increase of the signal 
to noise ratio (SNR). Because of this increase in SNR the vasculature 
and tumours in the liver became better visible (see figure). 
 
 Conclusions: Deformable registration of motion in 4D CT and BH 
contrast CT scans of the liver is feasible with little residual errors. 
Using this registration it is possible to create a motion compensated 
MidP CT scan, with a significantly increased SNR. Therefore this scan 
is very useful as a planning CT. 
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Purpose/Objective: Application of deformable registration (DR) 
ranges from automatic contour propagation to multi-time point CT 
0adaptation. However, clinical professionals remain reluctant to apply 
these techniques in daily practice due to lack of quality assurance 
tools. A first attempt is made here to provide a verification 
methodology for clinical environments. 
Materials and Methods: In research facilities, some studies have been 
conducted around this topic. One example is the POPI model which 
consists of six 4D CT images of the thorax with sets of verified fiducial 
points in the lungs located near bifurcations of the bronchial ducts. 
Applying DR, points of all 4D CT phases can be mapped on a single 
reference exhale phase and their position compared with the 
reference positions. First, these sets were made available in the 
DICOM format to bring them into the clinical workflow. The 
methodology was performed with 2 commercially available DR 
algorithms: the VoxAlign Deformation Engine (MIM Inc.) and the 
intensity-based hybrid algorithm (RaySearch Inc.) (RS), and 
benchmarked against a 3D cubic B-spline algorithm using motion 
masks (BM). The DR was applied on two 4D CT data sets from the POPI 
model, one case considered as easy and one case considered difficult 
to register. The DICOM export of the bifurcation points mapped to the 
reference phase was read into MATLAB for analysis. 
Results: In table I the 3D deviations after registration are averaged 
over 100 bifurcation points for each 4D CT phase, for both commercial 
algorithms. It can clearly be seen that the more distant the phase 
becomes from the reference phase, the larger the residual alignment 
error becomes. Maximum deviations of up to 30 mm were seen for 
patient 2, ranging up to the full breathing motion amplitude. For each 
patient, the results from the non-commercial BM algorithm for 
registering the extreme inhale phase are also included, along with the 
mean over all phases. For the two selected patients, the MIM 
algorithm performed better than RS. For patient 1, the performance 
of the MIM algorithm was comparable to that of the BM algorithm. 
However, the BM algorithm showed considerably better results for 
patient 2, where large residual errors were seen for both commercial 
algorithms. In terms of execution speed the MIM algorithm used on 
average 12 sec/phase, the RayStation algorithm 2 min/phase, and the 
BM algorithm around 20 min/phase. 
Conclusions: Commercially available deformable registration 
algorithms are fast, allowing their insertion into clinical workflow, but 
their performance is not yet up to the level of state-of-the-art 
algorithms reported on in research. These commercial algorithms 
should be used with great caution and in addition to a commissioning 
with expert-based validation data, similar to the POPI model. Routine 
use should also include case-per-case verification, for example using 
specifically designed visualisation tools, to avoid large errors in 
critical regions. 
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Purpose/Objective: In the EU many RTTs are trained as diagnostic 
radiographers (DR) with no dedicated RT schools. Smaller countries 
have a unique challenge - the required number of new RTTs may seem 
too few to justify the establishment of a separate RTT school. A 
recent survey of RTTs in this country showed that almost 50% were not 
satisfied with the education received prior to starting work. As 
radiation oncology evolves so rapidly, the need for a solid 
understanding of the basics, as well as advanced courses and CE is 
acute. In this country, several methods have been utilized to fill the 
knowledge gap, none of which included a dedicated physical space.  
Materials and Methods: Our new model, adaptable specifically to 
small and mid-size countries, has evolved from previous attempts to 
provide quality RTT education in an environment wrought with 
challenges. Through collaboration with the DR schools, less financial 
resources are required, and the potential objection from the DR 
schools is nullified. Furthermore, cooperation with less orthodox 
partners, can provide added value.  
We inaugurated a national school in cooperation with the Ministry of 
Health, the National Center for Medical Simulation (NCMS), the RO 
departments and DR schools as a base to fill the gap.The school will 
have a fully operational treatment planning lab with 13 workstations 
(including one instructor station). The innovative VERT system will be 
utilized to assist in the education of present and future RTTs. The 
center is cooperating with NCMS in curriculum development to provide 
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simulation of various scenarios relevant to each stage of training, 
providing a unique, dynamic approach to radiotherapy education. 
Approximately €350 000 has been used in the establishment of the 
school, headed by an RTT. The expertise of successful RTT schools is 
recognized, and international guidance has been sought. 
The center will function as an RTT hub, providing CE in addition to 
entry to practice education. Inter-departmental research will be 
facilitated through the center and encourage RTTs to participate.  
Results: Funds were raised through a successful campaign. The VERT 
system is installed. Eclipse software will be used to teach the gamut 
of planning. I-Plan software will be used to teach SRS planning. 
Collaboration with established RT schools in Europe and Canada has 
commenced.  
A steering committee consisting of a member from each of the RO 
departments in the country has formed to facilitate growth, research 
and a sentiment of national cohesion.  
Conclusions: This is clearly a work in progress. The ramifications of 
this plan are beyond increasing the knowledge of RTTs. Through this 
method, RTTs will widen their scope of practice, increase their 
autonomy and gain professional identity. The end-point for the 
education, however, is the ability to provide patient care that is 
beyond compare.  
The establishment of a 'home' for RT education, with strategic 
partners, is the first step in ensuring the best training of RTTs.  
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Purpose/Objective: It is a very confusing and worrying situation for 
head/neck cancer patients and their friends and families, in the 
process of the patient having to start a long and stressful treatment 
course. Many of the patients are disadvantaged and in poor general 
condition prior to starting the treatment. The purpose of the 
interdisciplinary education is to provide patients, undergoing a 
curative treatment, wide-ranging information about the course as a 
whole (chemo/radiation therapy). Also the aim is to prepare the 
patients and their relatives for the side effects, the treatment may 
cause. 
Materials and Methods: In the year 2010 we implemented the patient 
school. We have gathered all the information for patients and their 
relatives in an interdisciplinary meeting with the duration of about 
two hours. The information meeting takes place prior to the patients 
starting the nearly five weeks of treatment. The teaching is carried 
out by an oncologist, a nurse from the ambulatory facility, an RTT, 
and an occupational therapist. All curative head/neck cancer patients 
and their relatives are offered this educational meeting, and 99 
percent choose to participate. The patient school is scheduled once 
every two weeks. It consists of oral presentations and PowerPoint 
presentations including images picturing the radiation therapy 
procedure, together with practical exercises provided by the 
occupational therapist. We provide ample opportunity for the 
participants to ask questions. Also, we provide them with written 
information. One year ago we conducted a questionnaire survey 
among approximately 100 patients and their relatives to evaluate the 
satisfaction with the patient school. 
Results: The survey showed only good feedback:  By gathering all of 
this information the patient must attend only once, in order to 
receive the information, which also makes it easier for their friends 
and families to participate. The relatives are more prepared for 
supporting the patients, since they have the same knowledge about 
the treatment course. The patients meet other patients in the same 
situation, and by that it becomes easier and more legitimate to talk to 
each other. Also they find it encouraging to see the close cooperation 
between the different professions, and they experience a correlation 
in their treatment course. 
Conclusions: The questionnaire survey has shown great satisfaction 
with the patient school. Also, as a part of the RTT group, we 
experience that head/neck cancer patients and their relatives have 
more knowledge and understanding in relation to their treatment, 
than what we experienced earlier. On the day of the first 
radiotherapy treatment all patients are offered a pre-treatment 
consultation with an RTT. This conversation has now become more 
individual and based on each patient's particular problems, rather 
than it being a general kind of information. The patient school can 
advantageously be applied to all cancer diagnoses. 
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Purpose/Objective: A joint submission for funding made to the 
Australian Government by a group of Australian Universities was 
approved in 2011. As a result Virtual Environment Radiotherapy 
Training (VERT™) facilities were installed in each University where 
Radiotherapy entry level programs are offered. Five fully immersive 
3D installations were funded as well as 6 academic positions 
established. These were to enable collaboration in developing 
resources using VERT™ in a part time capacity over 3 years. The 
collective group of academics formed a VERT™ Academic Community 
of Practice (VACoP). The Universities sought a variety of employment 
options including a secondment arrangement to be entered into with 
the successful applicants’ clinical site. 
Materials and Methods: In 2012 a secondment agreement was entered 
into between the clinical site and the University. A new position was 
created within the Universities as a VERT™ Academic Resource 
Developer. The essential criteria for this position included current 
clinical expertise in treatment planning and delivery. Experience in 
training, mentoring and supervision were also key qualifications as 
well as knowledge of research methods. As the successful applicant 
would retain their clinical role part time it was necessary to establish 
support from the clinical provider for this initiative to be successful.  
Results: Outcomes of this partnership include; 
· Collaboration between Australian Universities for the development 
of course material for both lecture and tutorial delivery formats using 
VERT™ 
· Sharing of anonymous data set information and comparison of 
techniques from various clinical sites 
· Ongoing training of students and academics 
· Further collaboration for multi-disciplinary teaching 
· Developing patient information videos and demonstrations 
· Using VERT as a marketing and information tool 
· Embarking on research into simulated learning environments 
· Sharing of experiences and broadening exposure in the international 
arena  
· Bringing VERT™ awareness into the clinical setting 
Conclusions: This presentation will outline what has transpired at the 
conclusion of the first year of the secondment and the future 
direction for the upcoming year. It will highlight the benefits to 
institutions of entering into such employment arrangements. It will 
also elaborate on how the VERT™ Academic Community of Practice 
(VACoP) was developed as a model that has expedited resource 
development and research into innovative new teaching models. All 
parties continue to work together to share resources and discuss other 
avenues where simulated learning can enhance clinical initiatives. 
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Purpose/Objective: Developing a strategy for retaining a skilled 
radiotherapy workforce, requires a strong understanding of the issues 
involved, including a greater understanding of the factors that 
influence satisfaction of radiotherapy professionals. 
There are a number of factors, under the influence of service leaders 
and organisations, which can enhance the job satisfaction of RTTs, 
Physicists, dosimetrists and technicians, and as a consequence the 
service provided to patients. 
This work sought to;  
 gain understanding of the issues and factors influencing job 
satisfaction, retention and burnout.  
 Identify factors to support the development of strategies to 
increase the level of job satisfaction and consequently retention 
and effectiveness of their radiotherapy workforce. 
Materials and Methods: A quantitative survey tool was employed 
(with limited free text options to allow for greater depth and insight). 
The questionnaire comprised of 7 sections; demographics, job 
